Background: The umbilical cord contains two arteries and one vein. Normally, the diameters of umbilical arteries are close in size, but this may vary, as one umbilical artery may be considerably smaller or more hypoplastic than the other. Objectives: This study aimed to investigate the effect of hypoplastic umbilical arteries on Doppler ultrasonography (US) findings for the common iliac arteries (CIAs), such as the pulsatility index (PI) and resistive index (RI) values, and to investigate the associations between hypoplastic fetal umbilical arteries and placental, umbilical cord, and fetal pathologies. Patients and Methods: Doppler US was performed on 165 pregnant women between 18 and 22 weeks of gestation, and again between 27 and 37 weeks of gestation. The umbilical artery diameters and both CIA flow parameters (PI and RI) were measured during these visits. The presence of a diameter difference of greater than 25% (95th percentile) between the two umbilical arteries was accepted as a hypoplastic umbilical artery. Results: Eleven of the 165 patients (6.7%) demonstrated a hypoplastic umbilical artery. Second-trimester US showed median dominant and non-dominant CIA PI values of 1.43 and 1.60 (P = 0.062), respectively, and median dominant and non-dominant CIA RI values of 0.80 and 0.85 (P < 0.001), respectively, in the hypoplastic umbilical artery group. Third-trimester US showed median dominant and non-dominant CIA PI values of 1.24 and 1.66 (P = 0.062), respectively, and median dominant and non-dominant CIA RI values of 0.73 and 0.82 (P = 0.002), respectively, in the hypoplastic umbilical artery group. We did not observe an association between hypoplastic umbilical arteries and placental, umbilical cord, or fetal pathologies. Conclusion: Our study revealed that the hypoplastic umbilical artery group's non-dominant CIA had higher RI values than the contralateral dominant CIA.
Background
The umbilical cord contains one vein and two arteries, which transport viable materials to the fetus and metabolites to the placenta. In general, similarly sized umbilical arteries are expected. However, differently sized umbilical arteries are detected in approximately 0.7% -1.4% of pregnancies (1, 2) . Some of these fetuses have a hypoplastic umbilical artery, which is defined as a significantly smaller umbilical artery in comparison with the contralateral one. The level of significance differs according to various authors (2) (3) (4) . Some define it as a difference of > 2 mm (3), whereas others suggest a difference of 50% or more compared to the dominant artery (4) . In a previous study, differently sized umbilical arteries were shown to cause significant changes in blood-flow parameters (2) . Studies investigating the impact of discordant umbilical arteries on clinical outcomes have demonstrated conflicting results. In some studies, a hypoplastic umbilical artery was found to be associated with umbilical cord hematoma, placental infarction, trisomy 18, polyhydramnios, congenital heart disease, intrauterine growth retardation (IUGR), and abnormal insertion of the umbilical cord (4-7). However, in another study, no association between umbilical or placental abnormalities and discordant umbilical arteries was found (2) .
In fetuses with a single umbilical artery (SUA), all of the fetal blood travels to the placenta via the vessel on the side of the umbilical artery. On the contralateral side, where the umbilical artery is absent, the common iliac artery (CIA) cannot participate in fetoplacental circulation and carries the blood to the lower limbs. Studies investigating the relationship between SUA and differences in the diameter of the CIA and related Doppler ultrasonography (US) param-eters are available in the literature (1, 8) . Part of the conclusions of these studies is that the CIA is hypoplastic on the side on which the umbilical artery is absent. Raio et al. also found higher resistive index (RI) values in hypoplastic umbilical arteries as compared with the contralateral side (7) . However, studies investigating the flow parameters between a hypoplastic umbilical artery and the ipsilateral CIA are not available in the literature.
Objectives
In the present study, we aimed to investigate the effects of hypoplastic umbilical arteries on Doppler findings for the CIAs, and to investigate the association between hypoplastic fetal umbilical arteries and placental, umbilical cord, and fetal pathologies.
Patients and Methods
This research study was approved by our institutional human ethics committee. All patients were informed about the procedures, and their approval was obtained. Routine obstetric US during the 18 th to 22 nd gestational weeks was performed on 212 pregnant women who were admitted to our clinic for evaluation for congenital fetal anomalies. Single pregnancies that had 1, a known date of the last menstrual period; 2, both umbilical arteries; 3, intact membranes; 4, 3-vessel cords; 5, prenatal followup; and 6, postnatal medical records were included in this study. Multiple pregnancies and fetuses with inadequately imaged umbilical cords were excluded. All ultrasound examinations were performed with a GE Logic 9 (Milwaukee, USA) ultrasound machine using a 3.5-5 MHz multi-frequency convex probe operated by a specialist experienced in obstetric US (A.I., 18 years of experience). Detailed obstetric US was performed on all fetuses, and minor anomalies were noted. Fetal abdominal circumference, femur length, and biparietal diameter were measured, and the average was used to confirm gestational age.
The umbilical cord structure and the presence of two arteries and one vein were carefully evaluated. An umbilical artery measurement was taken from the free section of the cord away from the fetus and the placenta, and the diameter was measured from the inner to the outer lumen of the artery ( Figure 1A -1B). The percentage difference in diameter between the umbilical arteries (%AA) was calculated using the following formula (2):
In this formula, A1 and A2 represent the largest and smallest diameters of the umbilical arteries, respectively.
According to this formula, two groups were created. Group A (the hypoplastic umbilical artery group) consisted of those with a > 25% (> 95 th percentile) difference in umbilical artery diameters, and group B (the control group) consisted of those with a < 25% (< 95 th percentile) difference in the umbilical artery diameters. CIA diameters were assessed via magnified grayscale images, and the larger of these was accepted as dominant (7) . Accordingly, both CIAs were examined just distal to the aortic bifurcation via color Doppler US, and the pulsatility index (PI) and RI values were measured ( Figure 1C ). Followup US examinations were performed between gestational weeks 27 and 37, and the measurement of these parameters was repeated. The insonation angle between the umbilical cord vessels and the Doppler waves was between 30°and 60°in all Doppler studies. The pulse Doppler gain was -10 to 10 dB, the pulse gate was 2 -4 mm, and a minimal wall filter was used.
Maternal and pregnancy characteristics; placental, umbilical cord, and fetal pathologies; amniotic fluid quantity; meconium staining; APGAR score; birth weight; and the birth route of the infant were compared among the groups and subgroups.
Statistical analysis was performed using SPSS (version 15.0, SPSS Inc., Chicago, IL, USA) computer software. The Bonferroni-corrected Wilcoxon signed-rank test was used for comparing the intra-group medians for the left and right measurements when the distribution was not normal. The Mann-Whitney U test was used for two-group comparisons, and the Kruskal-Wallis test was used for three-group comparisons of inter-group medians when a normal distribution was absent. The Chi-square test was used to compare percentages between groups, and Student's t-test was used for comparing the dominant and non-dominant CIA RI values when the distribution was normal. A P value of < 0.05 was considered significant in all statistical analyses. All data were expressed as median ± SD.
Results
Obstetric US examinations were performed on 212 pregnant women between their 18th and 22nd weeks of gestation (early second-trimester US). A single umbilical artery was detected in five women. Forty-two patients were excluded because their follow-up US examinations were missing. Therefore, 47 cases were excluded from the study, and a total of 165 patients were included. Of these, 11 demonstrated a hypoplastic umbilical artery, indicating an incidence of 6.7%. The hypoplastic umbilical arteries were found to be predominantly on the left side (8/11). The mean patient age was 27 years in group A and 25 years in group B. Mean gravidity and parity were 2 ± 0.94 (median, 2; range, 1 -4) and 1 ± 0.5 (median, 1; range, 0 -1) for group A, respectively, and 2 ± 1 (median, 2; range, 1 -6) and 1 ± 0.77 (median, 1; range, 0 -4) for group B, respectively. There was no significant difference between the two groups in terms of maternal age, gravidity, or parity (P = 0.91, 0.33, and 0.82, respectively). Group A's third-trimester US confirmed the diagnosis of hypoplastic umbilical artery in all 11 of the subjects.
The median diameters of the large and small umbilical arteries of group A upon second-trimester US were 2 ± 0.28 mm and 1.2 ± 0.24 mm (P < 0.001), respectively.
The median diameters of the large and small umbilical arteries of group A upon third-trimester US were 3.4 ± 0.53 mm and 2.7 ± 0.61 mm (P = 0.001), respectively. The median diameters of the large and small umbilical arteries of group B upon second-trimester US were 1.8 ± 0.27 mm and 1.7 ± 0.27 mm, respectively. The median diameters of the large and small umbilical arteries of group B upon thirdtrimester US were 3.2 ± 0.47 mm and 3.0 ± 0.47 mm, respectively. When we compared the median RI and PI values of the dominant and non-dominant CIAs, we observed a significant difference between the dominant and nondominant CIA RI values of group A in the second and third trimesters (P < 0.001 and P = 0.002, respectively). We also observed a significant difference between the dominant and non-dominant CIA PI values of group A in the third trimester (P = 0.005). We did not observe a significant difference between the dominant and non-dominant CIA RI and PI values of group B in the second and third trimesters. The Doppler characteristics of the CIAs are summarized in Table 1 .
The birth weights of the fetuses in group A and group B were 3060 ± 418 grams and 3185 ± 521 grams, respectively, with no significant difference (P = 0.90). There was no statistically significant difference between the two groups in terms of umbilical cord pathology, nuchal cord, 5-minute APGAR score, and the nature of the amniotic fluid (P > 0.05).
Nine of 11 patients in group A delivered at term via spontaneous vaginal delivery, and the other two patients delivered via cesarean section. There were no patients with hypertension, preterm labor, or premature rupture of membranes in group A. In our study, no placental or umbilical cord pathology was detected in group A. The detected associated abnormalities among the group A patients were polyhydramnios in two cases, meconium-stained amniotic fluid in four cases, and nuchal cord in two cases. No chromosomal defects, fetal anomalies, or syndromes were detected among the group A patients. Finally, gestational diabetes was found in only one pregnant woman from group A.
Discussion
Hypoplastic umbilical artery is accepted as an incomplete form of SUA (4) . Although its etiology is unknown, this condition has been found to be associated with various pathologies, such as trisomy 18, polyhydramnios, congenital heart disease, IUGR, placental infarction, umbilical cord hematoma, and abnormal umbilical cord insertion (5-7). Dolkart et al. studied umbilical artery diameters and found a 2 mm difference in six cases measured in the second and third trimesters. One of these six cases was accompanied by preterm birth, and another resulted in death due to neonatal liver failure three months after birth. No clinical pathology was reported in the other four cases (9) . In another study by Predanic et al., no pathological findings were detected during the examination of the placental and umbilical cords of 12 pregnancies demonstrating significant discordance (> 29.5%, or the 95th percentile) between the two umbilical artery diameters (2). Conversely, Raio et al. demonstrated abnormal cord insertions (marginal, velamentous, and eccentric) in eight of 14 cases with > 1 mm differences between the umbilical artery diameters. Placental abnormalities were detected in the remaining seven cases (three placental infarctions, two bipartite placentas, one placenta succenturiata, one chorangioma, and one absence of Hyrtl anastomosis) (7).
Petrikovsky and Schneider detected hypoplastic umbilical arteries using prenatal US in 12 patients. They found one of these cases to be associated with trisomy 18, three with polyhydramnios, one with congenital heart disease, and two with IUGR. They also found maternal diabetes in four cases (4) . In our study, no placental, umbilical cord, or fetal pathologies were detected in the patients with hypoplastic umbilical arteries. However, two pregnancies were complicated by polyhydramnios, four by meconium staining, and one by gestational diabetes.
Sepulveda et al. examined blood-flow patterns in the CIA in 15 cases of SUA. They found that PI values on the side not attending to fetoplacental circulation were higher than on the contralateral side (8) . In our study, the hypoplastic umbilical artery group demonstrated higher PI and RI values for the non-dominant CIAs in comparison with the dominant side during the second trimester. The higher RI values may have been due to the smaller diameter of the CIA on the side of the hypoplastic umbilical artery at early gestational stages.
In a study of eight cases of SUA from birth to 4 years of age, Meyer et al. reported significant anatomical and histological differences between the CIAs. Whereas a normal muscular structure was detected in the smaller CIA, a calcified pattern was detected in the larger CIA. Also, interestingly, early atherosclerotic lesions were identified in the larger vessel. It has been thought that this may reduce blood flow, especially in the dominant vessel, resulting in vessel-wall remodeling after the clamping of the cord (10) .
The small sample size and the lack of any macroscopic examinations of the placental and umbilical cord pathologies are some of the limitations of our study. The effect of hypoplastic fetal umbilical artery on the prognosis is difficult to judge definitively due to the small sample size. However, it is known that the fetal prognosis is better for hypoplastic umbilical arteries compared with SUAs. The inad-equate number of fetuses with hypoplastic umbilical arteries is a limitation of our study. More extensive studies are needed to determine the effects of hypoplastic fetal umbilical artery on the fetal prognosis. The present study can act as a pioneer for future studies with larger sample sizes. Another limitation of this study was the subjective evaluation criteria used for the dominant and non-dominant fetal CIAs. However, there is no superior technique available for the evaluation of small fetal structures, such as the umbilical and iliac arteries.
In conclusion, our study revealed that the hypoplastic umbilical artery group's non-dominant CIA had higher RI values in comparison with the contralateral dominant CIA. We did not observe an association between hypoplastic umbilical arteries and placental, umbilical cord, or fetal pathologies.
